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® Production method of laminated piezoelectric device and polarization method thereof and vibration 
wave driven motor. 



@ In one aspect of the present invention, a large 
number of thin sheets of piezoelectric ceramic are 
disposed one on another via electrode films formed 
on the surfaces of the sheets of piezoelectric ce- 
ramic, then electrode films of the piezoelectric ele- 
ments are connected to each other with electric 
conductors to form a single piece of laminated pi- 
ezoelectric device. Thus, it becomes possible to 
perform polarization of the whole of a large number 
of piezoelectric elements at one time. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a laminated 
piezoelectric element and its production method 
and polarization process. The present invention 
also relates to a vibration wave driven motor. 

Related Background Art 

A rod-shaped vibration wave driven motor is 
already known and examples can be found in Japa- 
nese Patent Publication Nos. 3-40767 and 3- 
.?89375. Figure 10 is an exploded perspective view 
of a vibrator for use in a rod-shaped vibration wave 
driven motor and Figure 11 is a longitudinal sec- 
tional view of a rod-shaped vibration wave driven 
motor. 

The vibrator shown in Figure 10 has a piezo- 
electric element of phase A (a1) comprising two 
sheets of piezoelectric elements PZT1 and PZT2, a 
piezoelectric element of phase B (a2) comprising 
two sheets of piezoelectric elements PZT3 and 
PZT4, and a sensor piezoelectric element s1 com- 
prising a disk of piezoelectric material, all of these 
being laminated in a manner as shown in Figure 
10. This vibrator also includes electrode disks A1 
and A2 for supplying electric power across these 
piezoelectric elements and an electrode disk S for 
outputting a sensor signal. There are also provided 
electrode disks G1 , G2, and G3 for GND connec- 
tion. These piezoelectric elements and electrode 
disks are held between metal blocks b1 and b2 
made of material such as brass and stainless steel 
showing relatively small damping. These metal 
blocks are fastened with a fastening bolt c to form 
a single piece. As a result of this, compressive 
stress is introduced in the piezoelectric elements. 
Because an insulating disk d is disposed between 
the bolt c and the metal block b2, additional sensor 
piezoelectric elements other than si are not re- 
quired. 

In this arrangement, the piezoelectric elements 
of phase A (a1) and phase B {a2) are disposed in 
such a manner that the phase difference of 90 • 
exists between these elements. These piezoelectric 
elements a1 and a2 each excite bending vibrations 
in the directions of two planes, respectively, 
wherein each plane includes the axis of the vibrator 
and these two planes are perpendicular to each 
other. Furthermore, an adequate amount of time 
lag is introduced between two piezoelectric ele- 
ments al and a2. As a result of these, particles on 
the surface of the vibrator move along circular or 
eliipsoidai locus. The movement of these particle 
friction-drives a moving element which is pressed 
onto the top of the vibrator. 



Figure 11 shows an example of a rod-shaped 
vibration wave driven motor having a vibrator of 
such a type as that described above. In this exam- 
ple, the fastening bolt c of the vibrator includes a 
5 supporting rod c2 having a smaller diameter at its 
end portion. A fastening element g is provided at 
the end portion of this supporting rod c2 so that 
motor itself is fastened with this fastening element 
g. This fastening element g also acts as a support- 
70 ing element to rotating elements such as a rotor r. 
The rotor r is in contacts with the top surface of the 
front metal block b1 . A coiled spring h in a spring 
case i inserted into the rotor r is pressed by the 
fastening element g via a bearing element e and 
75 via a gear f, thus pressure is applied to the rotor r. 

Now, the piezoelectric element for use in this 
rod-shaped vibration wave driven motor will be 
described in more detail hereinbelow. Each of pi- 
ezoelectric disks PZT1 - PZT4 is made by machin- 
20 ing a sheet of piezoelectric ceramic obtained by 
sintering power material into a disk shape. The 
thickness is made 0.5 mm. Two electrode films 8-1 
and 8-2 are formed on the top surface, wherein 
each electrode film has a semicircular shape and 
25 each is separated by a slit from the other. The 
whole of the back surface is covered with an elec- 
trode film 10. Then, polarization is performed by 
applying opposite voltages to semicircular elec- 
trode films 8-1 and 8-2 wherein the polarities are 
30 made different between right and left electrode 
films ( + , Thus, piezoelectric characteristics are 
obtained. For example, in the phase A, piezoelec- 
tric elements PZT1 and PZT2 obtained in this way 
are disposed one on the other in such a nianner 
35 that the same polarity of polarization is opposed to 
each other via the electrode disk Al and that at the 
same time the slits are located at the same posi- 
tion. In the phase B, the piezoelectric elements are 
disposed in a similar manner. That is to say, the 
40 polarization direction of the piezoelectric element 
al of the phase A is such that as shown by the 
arrows 14 in Figure 13. When the electrode disk A1 
is applied with a driving AC voltage, one of piezo- 
electric elements PZT1 and PZT2 located on the 
45 right and left sides, respectively, is stretched and 
the other one is compressed. The stretch and 
compression occur alternately, thus bending vibra- 
tion occurs in the vibrator. In the phase B, bending 
vibration occurs in the same manner except that 
50 the direction of the slits is different from that of the 
phase A by 90*. 

However, in the conventional an-angement de- 
scribed above, after the piezoelectric elements are 
polarized one by one, then they are stacked in 
55 such a manner that electrode disks and piezoelec- 
tric elements are disposed alternately. Therefore, it 
requires extremely long time to perform polariza- 
tion and also to assemble a vibrator. If the handling 
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is considered of the piezoelectric element during 
the polarization or assembling, the thickness of the 
piezoelectric elennent should be larger than a cer- 
tain value. Therefore, the stacking of further layers 
is difficult, because the total size would become 
large. This is a barrier to be overcome for achiev- 
ing a smaller sized vibration wave driven motor 
having a size similar to that of a pencil or less than 
that. This is also a reason why it is difficult to 
achieve high power vibration wave driven motor 
with a larger number of layers. For the same rea- 
son, it is difficult to achieve low voltage driving 
operation. 

Thus, it is an object of the present invention to 
provide a laminated piezoelectric device which 
needs only short time for polarization. 

It is another object of the present invention to 
provide a novel method of polarization for a lami- 
nated piezoelectric device. 

It is further another object of the present Inven- 
tion to provide a vibration wave driven motor which 
needs only short time for assembling. 

It is still another object of the present invention 
to provide a extremely small sized vibration wave 
driven motor. 

It is another object of the present invention to 
provide a high power vibration wave driven motor. 

SUMMARY OF THE INVENTION 

In one aspect of the present Invention, first, a 
large number of thin sheets of piezoelectric ce- 
ramic are disposed one on another via electrode 
films formed on the surfaces of the sheets of 
piezoelectric ceramic, then electrode films of the 
piezoelectric elements are connected to each other 
with electric conductors to form a single piece of 
laminated piezoelectric device. Thus, it becomes 
possible to perform polarization of the whole of a 
large number of piezoelectric elements by only one 
polarization process. 

In another aspect of the present invention, 
electrode films 8-1 and 8-2 are fomned on a first 
surface of piezoelectric ceramic 5 in such a man- 
ner that these electrode films 8-1 and 8-2 are 
separated by a slit 6; and the whole of the other 
surface (second surface) is covered with a whole- 
area electrode film 10: then a plurality of piezoelec- 
tric elements 4 each of which is formed in this way 
are disposed one on another in such a manner that 
first and second surfaces alternate in the vertical 
direction and in such a manner that all the slits 6 
are oriented in the same horizontal direction and in 
such a manner that the opposed electrode films 
are in contact with each other so that the electrode 
film 8-1 of one piezoelectric element is in electrical 
contact with the electrode film 8-1 of another piezo- 
electric element and the electrode film 8-2 of one 



piezoelectric element is in electrical contact with 
the electrode film 8-2 of another piezoelectric ele- 
ment; and electric conductor elements 2-1 and 2-2 
are arranged in such a manner that these electric 

5 conductor elements 2-1 and 2-2 are electrically 
isolated from each other; all of the whole-area 
electrode films 10 are electrically connected to 
each other and also to an electrical conductor 
element 3; and these electric conductor elements 

10 2-1 , 2-2, and 3 are arranged in such a manner that 
electric power may be supplied to each of these 
electric conductor elements separately. 



75 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figures 1A to 1C show embodiments of a lami- 
nated piezoelectric device in accordance with 
the present invention; 

Figures 2A and 2B show sheets of piezoelectric 
20 element for use in a piezoelectric device shown 
in Figures 1A to 1C; 

Figure 3 is a schematic diagram illustrating a 
method for polarizing a piezoelectric element for 
use in a piezoelectric device shown in Rgures 

25 lAtolC: 

Figures 4A and 48 show another emtx)diments 
of a laminated piezoelectric device in accor- 
dance with the present invention; 
Rgures 5A to 50 are schematic diagrams lllus- 

30 trating a configuration of a laminated piezoelec- 
tric device installed in a rod-shaped vibration 
wave driven motor; 

Figures 6A and 68 show another embodiments 
of a laminated piezoelectric device In accor- 
35 dance with the present invention; 

Rgures 7A and 7B show another embodiments 
of a laminated piezoelectric device in accor- 
dance with the present invention; 
Figures 8A and 8B show another embodiments 
40 of a laminated piezoelectric device in accor- 
dance with the present invention; 
Figure 9 is a sectional view of a lens-banrel 
including a lens driving mechanism using a vi- 
bration wave driven motor with a laminated pi- 
45 ezoelectric device as. a driving source; 

Figure 10 is an exploded perspective view of a 
conventional vibrator for use in a rod-shaped 
vibration wave driven motor; 
Figure 11 is a sectional view of a conventional 
50 rod-shaped vibration wave driven motor; 

Figure 12 is a schematic diagram showing a 
conventional piezoelectric element for use In a 
vibration wave driven motor; 
Figure 13 is a schematic diagram Illustrating a 
55 relation between a polarization direction and the 
direction of contraction/expansion of a piezo- 
electric element; 
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Figure 14 is a schematic diagram showing an 
embodiment of a laminated piezoelectric device 
in accordance with the present invention; 
Figure 15 is a schematic diagram showing a 
piezoelectric element used as the bottom layer 
of a laminated piezoelectric device shown in 
Figure 1 4; 

Figure 16 is a schematic diagram Illustrating a 
method for polarizing a laminated piezoelectric 
device shown in Figure 14; 
Figure 17 is a schematic diagram showing an- 
other embodiment of a laminated piezoelectric 
device in accordance with the present invention; 
Figures ISA and 18B are schematic diagrams 
illustrating a laminated piezoelectric device of 
Figure 17 which is installed in a rod-shaped 
vibration wave driven motor; 
Figure 19 Is an exploded perspective view of 
another embodiment of a laminated piezoelectric 
device in accordance with the present invention; 
Figure 20 is a schematic diagram showing an- 
other embodiment of a laminated piezoelectric 
device in accordance with the present invention; 
Figure 21 is a schematic diagram illustrating a 
laminated piezoelectric device of Figure 20. 
which is installed in a rod-shaped vibration wave 
driven motor; and 

Figure 22 is a sectional view of a lens-barrel 
including a lens driving mechanism using a vi- 
bration wave driven motor with a laminated pi- 
ezoelectric device of Figure 14 as a driving 
source. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A first embodiment in accordance with the 
present invention will be described hereinbelow. 

Figures 1 A to 28 show a piezoelectric device 
for use as an electro-mechanical energy conversion 
device in accordance with the first embodiment of 
the present invention, and Figure 3 shows a meth- 
od for polarizing it. Figure 1 C is a cross-sectional 
view taken in the line A - A of Figure 1A, and 
Figure 1 8 is a cross-sectional view taken in the line 
B - B of Figure 10. 

In these figures, there is shown a laminated 
piezoelectric device 1 comprising eight laminated 
sheets of piezoelectric elements 4. The piezoelec- 
tric element 4 is produced as follows: Preliminary 
sintered ceramic powder is molded and sintered, 
then it is machined into a disk form. Thus, a disk of 
piezoelectric ceramic 5 is obtained as shown in 
Figures 2A and 28. Then, silver-filled adhesive 
patterns are printed by means of screen printing 
onto both of a primary surface shown in Figure 2A 
and a back surface shown in Figure 28, then they 
are baked. By this printing process, two semicir- 



cular electrode films 8-1 and 8-2 are formed on the 
primary surface, wherein the semicircular electrode 
films 8-1 and 8-2 are separated by a slit 6 formed 
along a diameter of the disk and wherein each of 
5 these semicircular electrode films 8-1 and 8-2 ex- 
tends from this slit 6 toward the periphery of the 
disk. In the above printing process, an inner non- 
electrode-film area 7 is also formed around the 
internal circle, where no electrode film is formed. 
70 On the other hand, an outer non-electrode-film area 
9 is formed along the peripheral circle on the back 
surface, where no electrode film is formed. An 
electrode film 10 formed on the back surface ex- 
tends inside, reaching the internal circle. 
75 In this embodiment, a preferable diameter of 

the piezoelectric ceramic 5 Is 10 mm; a preferable 
thickness of the piezoelectric ceramic 5 Is 0,12 
mm; a preferable thickness of the electrode films Is 
in the range of 3-5 um; a preferable width of the 
20 slit 6 is 0.8 mm; and a preferable width of non- 
electrode-film area is 0.8 mm for both the inner 
and outer non-electrode-film areas 7 and 9. 

In the arrangement of the laminated piezoelec- 
tric device 1. the piezoelectric elements 4 are 
25 disposed one on another in such a manner that the 
primary surfaces of piezoelectric elements 4 are 
opposed to each other, and the back surfaces of 
piezoelectric elements 4 are opposed to each oth- 
er, and such that all slits 6 are oriented in the same 
30 direction. That is to say, the bottom piezoelectric 
element 4 is disposed such that its primary surface 
is up, the next bottom piezoelectric element 4 is 
disposed such that the back surface is up, the third 
bottom piezoelectric element 4 is disposed such 
35 that the primary surface is up and so on. In this 
way, in total eight piezoelectric elements are dis- 
posed one on another wherein the vertical direc- 
tions alternate one by one. 

In this stacking process, adhesives are uni- 
40 formly coated on the surfaces to be connected to 
each other, then the surfaces become in contact 
with the corresponding surface. Then, pressure is 
applied by means of pressing so as to make the 
adhesives thin enough thus so as to achieve good 
45 adhesion. Furthermore, the temperature is raised to 
60* and cure is performed. 

Then, a silver-filled adhesive is coated on the 
side wall of the Inner circle of the stacked piezo- 
electric elements so as to form an electric conduc- 
50 tor element 3. In a similar way. a silver-filled adhe- 
sive is coated on the side wall of the outer circle so 
as to form electric conductor elements 2-1 and 2-2 
which are connected to two semicircular electrode 
films separately. After coating these silver-filled ad- 
65 hesives. perfect cure is performed in an oven at 
60 • 0 for 2 hours. 

In the above process, the adhesives between 
the piezoelectric elements become tow in viscosity 
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before cure is performed. Taking tills occasion, tlie 
pressure is applied by means of pressing so that 
electrical connection is achieved between electrode 
films 8-1 of different piezoelectric elements, be- 
tween electrode films 8-2 of different piezoelectric 
elements, and between electrode films 10 of dif- 
ferent piezoelectric elements. The electric conduc- 
tor elements 2-1, 2-2 and 3 also become low in 
viscosity for a while when they are placed in an 
oven, thus each of these electric conductor ele- 
ments gets in contact with corresponding electrode 
films 8-1, 8-2 and 10. Then, cure is completed and 
desired electrical connections are achieved. 

Thus, the electric conductor element 3 formed 
on the inner side wall is electrically connected to 
each whole-area electrode film 10 formed on the 
back surface of each piezoelectric element, 
wherein the electrical connection is achieved every 
two layers. The electric conductor elements 2-1 
and 2-2 formed on the outer side wall are each 
electrically connected to respective semicircular 
electrode films 8-1 and 8-2 formed on the primary 
surface of each piezoelectric element. 

The electric conductor element 3 may be 
formed on the inner side wall at arbitrary position. 
On the other hand, the electric conductor elements 
2-1 and 2-2 are preferably formed on the outer side 
wall at the positions near the slits 6 so that when 
the laminated piezoelectric device is installed in a 
rod-shaped vibration wave driven motor, distur- 
bance to the vibration may be minimized. When 
pressure is applied, a small amount of adhesives 
between the stacked piezoelectric elements are 
pushed out of the outer wall and out of the inner 
wall. Therefore, it is preferable to remove the push- 
ed-out adhesives which exist at the area where the 
adhesives for the electric conductor elements on 
the inner and outer side walls are to be coated. A 
preferable thickness of the electric conductor ele- 
ments 2-1. 2-2, and 3 is in the range of 10 - 20 iim 
and a preferable width of these elements is about 1 
mm. Other than the method described above, it 
may be possible to use another method, such as 
vacuum evaporation and electroless plating, for for- 
ming electrode films and electric conductor ele- 
ments without any special problems. Therefore, the 
method may be determined depending on the de- 
sired reliability, cost, and productivity. 

Electrical connection is provided to the lami- 
nated piezoelectric device produced in this way in 
such a manner that voltage is divided with two 
resistors 12 having high resistance such as 100 
MQ, and so that contact pins 11 are contacted to 
the electric conductor elements 2-1 and 2-1 and 
the electrode film 10, respectively. A DC voltage of 
320 V is applied from a DC power source 13 to the 
laminated piezoelectric device to perform polariza- 
tion in an oven at 120* C for 60 minutes. With the 



electrical connection shown in Figure 3. 0 V is 
applied to the electrode films 8-1 electrically con- 
nected to the electric conductor element 2-1; 160 V 
is applied to the electrode films 10 electrically 
5 connected to the electric conductor element 3; and 
320 V is applied to the electrode films 8-2. As a 
result, polarization occurs in the directions as 
shown by the arrows 14. Because of the polariza- 
tion occurring in such directions, if the electric 
JO conductor element 3 or the electrode films 10 is 
connected to the QND and the electric conductor 
elements 2-1 and 2-2 are applied with AC voltages 
for driving the rod-shaped vibration wave driven 
motor, contraction and expansion occur alternately 
75 between the right and left sides on the section 
taken in the line A - A of Rgure 3 as in the case of 
conventional device described earlier. 

In the prior arts, in the case of a piezoelectric 
element having a thickness of 0.5 mm, applying of 
20 high voltage such as 1.0 - 1.5 kV is required. Such 
a high voltage leads to electrical break down in the 
air. Therefore, voltage supply is normally per- 
formed in insulating oil. In contrast, in the arrange- 
ment in accordance with the present invention, the 
26 thickness of the electric conductor element may be 
thin enough and it becomes possible to perform 
polarization at a low voltage such as 300 V. Thus, it 
becomes possible to perform polarization in the air. 
In addition to a great advantage that all piezo- 
30 electric elements stacked together can be polarized 
at a time, it becomes possible to easily perform 
polarization due to the fact that cleaning or drying 
of insulation oil is not necessary. Before the po- 
larization is performed, the electrical resistance be- 
35 tween the electric conductor elements fonmed on 
the outer and inner side walls can be measured by 
applying for example 250 V,. and typical measured 
value is larger than 2000 MQ, which means that 
electric conductor elements and electrode films are 
40 well isolated from each other in an electrical sense. 
Occurrence of polarization can be confimned by 
measuring the capacitances (at 1 Khz) between the 
electric conductor element 3 or the electrode films 
10 and two electric conductor elements 2-1, 2-2 
45 formed on the outer and inner side walls, and by 
comparing the capacitances measured before and 
after the polarization is performed. Typically, the 
Increasing in the capacitance by 20 - 30% can be 
observed, which means that polarization occurred. 
50 Any other electrical contact means such as solder- 
ing may be used instead of the contact pins 11 for 
polarization as long as electrical contact can be 
achieved. Polarization condition depends on volt- 
age, temperature, and time and is not limited to the 
55 condition described above. 

In the example described above, the piezoelec- 
tric element is produced using sintered piezoelec- 
tric ceramic materials. In contrast, in the following 
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example, a green sheet wilt be used as a starting 
material. 

Rrst, preliminary sintered ceramic ground pow- 
der, organic binder, and water are well mixed to- 
gether, then they are molded into the shape of a 
sheet by means of extrusion molding. The molded 
sheet is cut by means of die-cutting press. Then, in 
a manner similar to the case of Figures 2A and 2B, 
electrode patterns 8-1, 8-2 and 10 are formed on 
the die-cut sheet with platinum-filled conductive 
adhesives by means of screen printing, thus the 
electrode films are formed. Then, these are 
stacked as in the previous case and they are 
formed into a single piece by heating and by 
applying a pressure. In a similar manner as in 
Rgures 1A to 1C, electric conductor elements 2-1, 
2-2, 3 are formed with platinum-filled conductive 
adhesives on the inner and outer side walls. In this 
situation, sintering is performed at 1200 - 1300*C 
In lead ambient. Thus, a sintered and laminated 
piezoelectric device Is obtained as in Figures 1A to 
1C, 

The polarization may be perfonmed under the 
same conditions as in the case described above. 
When sintered after stacking, contraction occurs. 
Therefore, the size has to be determined consider- 
ing the contraction. A preferable thickness of the 
sheet is 0.150mm, and a preferable thickness of 
the electrode films is 5 - 6 um. As described 
above, there are two production methods available, 
that is, one is to stack sheets of piezoelectric 
ceramic made by sintering, and the other one is to 
stack green sheets which are not sintered. The 
selection of the method may be done judging the 
reliability and cost in production. 

Now, a laminated piezoelectric device obtained 
In such a manner described atx)ve installed In a 
rod-shaped vibration wave driven nnotor will be 
described below. 

In the laminated piezoelectric device 1 com- 
prising eight layers shown in Figure 3 in accor- 
dance with the present invention, at the top and 
bottom ends of the device 1, the piezoelectric 
elements 4 are disposed such that the electrode 
films 10 formed on the back surface electrically 
connected to the electric conductor element 3 are 
exposed to the outside and these electrode films 
10 act as a GND plane (G), When this laminated 
piezoelectric device 1 is installed in a rod-shaped 
vibration wave driven motor, the electric conductor 
elements 2-1 and 2-2 formed on the outer side wall 
are made at the same potential by applying the 
driving voltage. Therefore, before Installation, it is 
preferable to make electric connection between the 
electric conductor elements 2-1 and 2-2 with the 
previously described silver-filled adhesives. 

Figures 5A to 5C are schematic diagrams 
showing two laminated piezoelectric device 1 in 



accordance with the present invention installed in a 
vibrator, wherein one is installed in the phase A 
and the other one is in the phase B such that the 
directions of the slits are perpendicular to each 
5 . other, in other words, the two devices are disposed 
with the 90' spatial phase difference. Because 
both ends of the laminated piezoelectric device 1 
are a GND plane (G), the electrode disks G1 and 
G2 which are required in conventional devices such 
70 that as in Figure 20 become unnecessary. Lead 
wires 15 and 16 for supplying electrical power are 
connected by means of soldering directly to the 
electric conductor element 2-1 formed on the outer 
side wall. As a result, electrode disks A1 and A2 
75 also become unnecessary. 

Alternatively, laminated piezoelectric devices 
corresponding to a1 and a2 shown in Figure 5 A 
may be produced in an integrated form. In this 
case, portions corresponding to a1 and a2 are 
20 disposed such that the slits of these portions are 
oriented in the perpendicular directions. Further- 
more, the electric conductor elements 3 of sub- 
devices a1 and a2 are electrically connected to 
each other. Similarly, the electric conductor ele- 
25 ments 2-1 are electrically connected to each other, 
and the electric conductor elements 2-2 are also 
electrically connected to each other. Then, po- 
larization Is performed. When a motor is driven, the 
electrical connection between the electric conduc- 
30 tor elements 2-1 made broken and isolated from 
each other, similarly, the electrical connection be- 
tween the electric conductor elements 2-2 also 
made broken and Isolated from each other. Then, 
the electric conductor elements 2-1 and 2-2 of the 
35 corresponding sub-devices al and a2 are elec- 
trically connected to each other, and a lead wire for 
supplying a driving voltage is connected to the 
electric conductor element 2-1 . 

In the above example, the device comprising 
40 eight layers has been described. An even number 
of layers may be stacked in a similar manner to 
form a laminated piezoelectric device. On the other 
hand, an odd number of layers, for example seven 
layers, may be stacked to form a laminated piezo- 
45 electric device for use in a rod-shaped vibration 
wave driven motor in a manner as will be de- 
scribed next. In this case, as shown in Figures 4A 
and 48, the bottom end of a laminated piezoelec- 
tric device V is a GND plane (G) comprising an 
50 electrode film 10 electrically connected to an elec- 
tric conductor element 3', On the other hand, the 
top end is a driving voltage plane (A) via which a 
driving voltage is supplied, comprising electrode 
films 8-1 and 8-2 electrically connected to electric 
55 conductor elements 2*-1 and 2*-2, respectively. 

When such a laminated piezoelectric devices 
1' is installed as phases A and B in a vibrator, the 
devices V are disposed such that the directions of 
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the slits are different by 9U" oetween phases A 
and B. Furthermore, as shown in Figure 5B, an 
insulating sheet cl2 is disposed between the lami- 
nated piezoelectric devices V and electrode disks 
G1 and G2 electrically connected to respective 
GND planes (G) of two laminated piezoelectric de- 
vices V are electrically connected to each other. 
On the other hand, a driving voltage is applied via 
lead wires 15 and 16 which are directly connected 
by soldering to the respective electric conductor 
elements 2-1 and 2-2 formed on the outer side 
walls. Instead of connecting lead wires directly to 
the laminated piezoelectric devices 1', an alter- 
native arrangement for use in a rod-shafted vibra- 
tion wave driven motor may be achieved by using 
electrode disks A1 and A2, and two laminated 
piezoelectric devices V for each of phases A and 
B, that is four laminated piezoelectric devices 1' in 
total, as shown in Figure 5C. In this case, the 
electric conductor elements 2-1 and 2-2 formed on 
the outer side wall of the laminated piezoelectric 
devices are not needed to be directly connected to 
each other. As described above, with the arrange- 
ment in accordance with this embodiment, it is 
possible to reduce the numlDer of electrode disks 
used in the laminated piezoelectric device, while in 
conventional devices a large number of electrode 
disks are needed to be disposed alternately with 
the piezoelectric elements. It also becomes possi- 
ble to easily assernble a laminated piezoelectric 
device. 

The rod-shaped vibration wave driven motor in 
accordance with the present invention operates in a 
similar way to the case of the conventional motor 
shown in Figure 10. Therefore, the explanation on 
the operation will not be repeated herein again. 

In the above embodiment, as for the electric 
conductor elements for connecting the electrode 
films of different piezoelectric elements to each 
other, the electric conductor elements are formed 
on the outer side wall for connection of semicir- 
cular electrode films formed on the primary surface 
of the piezoelectric element, and the electric con- 
ductor element is formed on the inner side wall for 
connection of the electrode film formed on the 
back surface of the piezoelectric element. However, 
the locations at which these electric conductor ele- 
ments are formed are not limited to such an ar- 
rangement. For example, as shown in Figures 6A 
and 6B, electrode films may be formed on the 
piezoelectric ceramic 5 in such a manner that a 
non-electrode-film area T with a constant width 
exists along the peripheral circle on the primary 
surface and a non-electrode-til m area 9' with a 
constant width exists along the internal circle on 
the back surface. In this case, after the piezoelec- 
tric elements are stacked into one piece, the elec- 
tric conductor elements 2*-1 and 2'-2 are formed 



on the inner side wall for connection of semicircular 
electrode films formed on the primary surface, and 
the electric conductor element 3* is formed on the 
outer side wall for connection of the electrode film 

5 formed on the back surface. 

Alternatively, as shown in Figures 7A to 88, the 
electrode film 10' on the back surface of the piezo- 
electric element 4 may be partly extruded into the 
non-electrode-film area formed along the peripheral 

70 circle or the interna! circle in such a manner that 
the width of the partly extruded portion is less than 
the width of the slit 6 and that this extruded portion 
is located at the position just below the slit formed 
on the primary surface. In this case, after the 

75 piezoelectric elements are stacked such that all the 
slits are oriented in the same direction, all of the 
electric conductor elements 2-1, 2-2 and 3' are 
formed only on the outer side walls in the case of 
Figures 7A to 78, or all of the electric conductor 

20 elements 2'-1 , 2'-2. and 3 are formed only on the 
inner side wall in the case of Figures 8A to 88. In 
each case, the electric conductor elements may be 
formed at arbitrary positions for connecting the 
respective electrode films as long as these electric 

26 conductor elements are electrically isolated from 
each other. Furthermore, when the laminated pi- 
ezoelectric device is installed in a vibration wave 
driven motor, lead wires may be connected to the 
outer side wall of the device as described earlier. 

30 or electrode disks may be used to make electrical 
contact with each of end faces, respectively, or 
other methods may be used without any problems 
as long as the electrode films on the back surfaces 
are grounded and a driving voltage is applied 

35 across the two electrode films on the primary sur- 
faces. 

In the above example, the vibration wave 
driven motor has been shown wherein two phases 
A and B are used as driving voltages. Instead, 
40 three-phase driving voltages having 120' phase 
difference between each of phases may be used 
for driving a rod-shaped vibration wave driven mo- 
tor. In this case, for example, in Figure 5A which 
was described earlier, three laminated piezoelectric 
45 devices are disposed such that the orientations of 
the slits of the respective laminated piezoelectric 
devices are different from each other by 120 V If 
electrical connection is made for each laminated 
piezoelectric device and three phase driving vol- 
50 tages are applied, then particles on the surface of 
the vibrator move along circular or ellipsoidal locus 
as in the case of two phase driving. 

When three phase driving is used, the effective 
voltage applied to the piezoelectric device may be 
55 increased compared to the case of two phase 
driving. This leads to the increase in the motion of 
the vibrator. In addition, the performance of the 
motor may be improved. 
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Figure 9 shows a driving apparatus equipped 
with a rod-shaped vibration wave driven motor us- 
ing a laminated piezoelectric device 1 of the 
present invention. 

The basic configuration of this rod-shaped vi- 
bration wave driven motor Is the same as that 
shown in Figure 10. The difference from the con- 
ventional arrangement is that the laminated piezo- 
electric device 1 is used. As shown, a gear f 
provided in the integral form with the vibration 
wave driven motor intermeshes with an input gear 
Gl of a transmission mechanism G, and its output 
gear GO intermeshes with a gear HI formed on the 
lens holding element H for holding a camera lens 
L1. The lens holding element H is helicoid-con- 
nected to a fixed cylinder K so that the focusing 
operation is performed by rotating the lens holding 
element H with the driving force of the vibration 
wave driven motor via the gear transmission 
mechanism G. 

With the arrangement in accordance with this 
embodiment, polarization is possible in a state in 
which a large number of thin piezoelectric elements 
are stacked. As a result, a laminated piezoelectric 
device comprising a large number of thin piezo- 
electric elements becomes available. This leads to 
the reduction in the size of a rod-shaped vibration 
wave driven motor. Furthermore, high power and 
low voltage driving can be achieved. In addition, 
polarization of piezoelectric elements becomes 
easier. It also becomes possible to install a piezo- 
electric device into a vibration wave driven motor 
for short time with high accuracy. 

In addition to the realization of a laminated 
piezoelectric device with a larger number of layers, 
a laminated piezoelectric device produced in a 
manner described above also has the following 
advantages. That is to say, the thickness of a sheet 
of piezoelectric element can be made thinner, thus 
capacitance becomes larger, which means that in- 
put impedance becomes small when the piezoelec- 
tric device is used in a motor. As a result of this, 
larger electrical input power can be supplied at a 
lower voltage, and higher power can be obtained. 

Figures 14 and 15 show another embodiment 
of a piezoelectric device in accordance with the 
present invention. Figure 16 shows a method for 
polarizing this piezoelectric device. Figure 17 Is a 
cross-sectional view taken in the line A - A of 
Rgure 14. 

In these figures, there is shown a laminated 
piezoelectric device AOI comprising stacked five 
piezoelectric elements AOI A. A01B, AOlC, ACID 
and A01E. The piezoelectric elements AOIB and 
A01D have the same configuration, and the piezo- 
electric elements A01C and A01E have the same 
configuration. The configuration of the piezoelectric 
element AOI A is different from that of other piezo- 



electric elements. However, all of these piezoelec- 
tric elements are the same in inner and outer 
diameters. 

These piezoelectric elements AOIA-AOIE are 
6 produced as follows: First, preliminary sintered and 
ground piezoelectric material powder is mixed with 
organic binder. Then, the mixture is formed onto a 
sheet-shaped piezoelectric ceramic material. This 
sheet material is die-cut into a ring form. Usig the 
10 ring-shaped sheets A01 , A03. A04, AOS and A06 as 
a base, electrode films are formed by means of 
screen printing. As for the ring-shaped sheets AOS- 
AOS, only one surface is printed with metal-filled 
adhesives so as to form a divided electrode film 
15 electrically isolated by a slit, or to form a whole- 
area electrode film. As for the sheet A02. a divided 
electrode film is formed on one surface, and a 
whole-area electrode film is formed on the other 
surface, 

20 The difference among these piezoelectric ele- 
ments AOIA-AOIE is in the number and the loca- 
tion of electrical through-holes formed in the verti- 
cal direction, and in the tocation of cut-out portions 
formed in the whole-area electrode films or divided 
25 electrode films. 

As shown in Figure 15, the piezoelectric ele- 
ment A01A has only one electrical through-hole 
A09d formed in the sheet A02. The electrical 
through-hole A09d is formed such that it meets a 
30 whole-area electrode film A07 and that it also 
meets a slit AO1 1-1 B which is one of slits for 
isolating two divided electrode films A08-1 and 
A08-2 formed on the primary surface in a similar 
manner to the above case. 
35 The piezoelectric elements AOIB and A01D are 
formed as follows: An electrical through-hole A09a 
is formed on one side of sheets AOS and AOS, and 
two electrical through-holes A09b and A09c are 
formed on the other side in such a manner that 
40 these through-holes A09b and A09c opposes the 
through-hole A09a A whole-area electrode film 
A07* is formed on the upper surface. Furthermore, 
cut-out portions A011-2A and A011-2B are formed 
in the whole-area electrode film A07' so that the 
45 electrical through-holes A09a and A09b may not 
meet the whole-area electrode film A07\ 

The piezoelectric elements AOIC and A01E are 
formed as follows: As in the case of the sheets AOS 
and AOS. electrical through-holes A09a, A09b and 
50 A09c are formed in sheets A04 and A06. A first 
divided electrode film A08-1 and a second divided 
electrode film A08-2 are formed on the upper sur- 
face of the sheets AOS and A05 in such a manner 
that these first and second divided electrode films 
55 AD8-1 and A08-2 are electrically isolated from each 
other by slits AO1 1-1 A and AO1 1 -IB. The electrical 
through-hole A09b meets the first divided electrode 
film A08-1 and the electrical through-hole A09a 
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meets the second divided electrode film A08-2. 
The electrical through-hole A09c is formed in the 
area of the slit A011-B. 

These sheets A02-A06 having electrode films 
produced in such a manner described above are 
stacked as shown in Figure 14. That is to say, the 
sheet A02 is disposed at a first layer in such a 
manner that the surface having the divided elec- 
trode films is up. On the first layer of the sheet 
A02, the sheet A03 Is disposed as a second layer 
in such a manner that the surface having the 
whole-area electrode film A07' is up. Similarly, the 
sheets A04, AOS and A06 are disposed as third, 
fourth, and fifth layers in such a manner that as for 
the sheets A04 and A06 the surface having the 
divided electrode films Is up, and as for the sheet 
AOS the surface having the whole-area electrode 
film is up- In this arrangement, the sheets A02. A04 
and A06 are disposed such that the first divided 
electrode films A08-1 are located at the same 
position as each other, and the second divided 
electrode films A08-2 are located at the same 
position as each other. 

The electrical through-hole A09a of the sheet 
A03 opposed to the second divided electrode film 
A08-2 of the first layer of the sheet A02, the 
-electrical through-holes A09a of the sheets A04, 
AOS and A06 are all connected to each other in the 
vertical direction to form a third through-hole A010- 
3. A metal-filled adhesive similar to that used for 
forming the electrode filnns is filled into the third 
through-hole AOlO-3 to form an electric conductor 
element for the second divided electrode films. 
That is to say, in the sheets A02, A04 and A06, the 
electrical through-hole A09a meets the second di- 
vided electrode film A08-2, thus, the electric con- 
ductor element for the second divided electrode 
films formed with metal-filled adhesive filled into 
the third through-hole A010-3 can have electrical 
connection with the second divided electrode films 
A08-2 of the sheets A02, A04 and A06. 

On the other hand, the electrical through-hole 
A09b of the sheet AOS opposed to the first divided 
electrode film A08-1 of the sheet A02, the electrical 
through-holes A09b of the sheets A04, AOS and 
A06 are all connected to each other in the vertical 
direction to form a second through-hole A010-2. In 
a similar manner to the above case, a metal-filled 
adhesive similar to that used for forming the elec- 
trode films is filled into the second through-hole 
A010-2 to form an electric conductor element for 
the first divided electrode films. That is to say. in 
the sheets A02. A04 and A06. the electrical 
through-hole A09b meets the first divided electrode 
film A08-1 , thus, the electric conductor element for 
the first divided electrode films formed with metal- 
filled adhesive filled into the second through-hole 
A010-2 can achieve electrical connection with the 
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first divided electrode films A08-1 of the sheets 
A02. A04 and A06. 

Furthermore, the whole-area electrode film A07 
formed on the lower surface of the sheet A02. the 
5 electrical through-hole A09d meeting this whole- 
area electrode film A07, the electrical through-holes 
A09c of the sheets A03, A04, AOS and AOS are all 
connected to each other in the vertical direction to 
form a first through-hole A010-1. In a similar man- 
10 ner to the above cases, a metal-filled adhesive is 
filled into the first through-hole A010-1 to fonm an 
electric conductor element for the whole-area elec- 
trode films. That is to say, at the lower surface of 
the sheet A02 and in the sheets A03 and AOS, the 
75 electrical through-holes A09d and A09c meet the 
whole-area electrode films A07 and AOr. thus, the 
electric conductor element for the whole-area elec- 
trode films can achieve electrical connection with 
the whole area electrode films. 
20 The laminated piezoelectric device A01 pro- 

duced in this way is pressed with the pressure of 
80 MPa-150 MPa and heated at 50 - 100* C for 2-3 
minutes so that the sheets become in good contact 
with each other. Then, it Is sintered In a sintering 
25 furnace at 1200 - 1300 'C. During the process of 
raising the temperature, the organic binders con- 
tained in the sheets and metal-filled adhesives are 
burned off. Thus, the complete laminated piezo- 
electric device A01 in the form of one piece has 
30 been obtained. 

As shown in Figure 16, electrical connection is 
provided to the laminated piezoelectric device pro- 
duced in this way in such a manner that voltage Is 
divided with two resistors A012 having high resis- 
35 tance such as 100 Mfl, and that contact pins A013 
are contacted to the first and second divided elec- 
trode films A08-1. A08-2 formed on the upper end 
of the laminated piezoelectric device AOI. and the 
electrode film A07 of the bottom layer of the piezo- 
40 electric element AOI A. respectively. 

A DC voltage of 500 V is applied from a DC 
power source AOI 4 to the laminated piezoelectric 
device to perform polarization in an oven at 140' C 
for 30 minutes. In this situation, 0 V is applied to 
45 the first divided electrode films A08-1, 2S0 V Is 
applied to the whole-area electrode films A07 and 
A07' , and 500 V is applied to the second divided 
electrode films A08-2. As a result, the piezoelectric 
ceramic materials disposed between the whole- 
50 area electrode films A07 and the first and second 
divided electrode films A08-1 and A08-2 are po- 
larized in the directions as shown by the arrows 
AOI 5. 

The cross section of the laminated piezoelec- 
55 trie device AOI shown in Figure 16 is that taken in 
the line A - A of Figure 14, In such an arrangement, 
in a strict sense, polarization does not occur in the 
portions having no electrode film A07 or A07\ 
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However, in the portions having an electrode film 
A07 or A07' polarization occurs in the direction 
shown by the arrows A015. 

When the polarized tanninated piezoelectric de- 
vice in accordance with this embodiment is in- 
stalled in a rod-shaped vibration wave driven motor 
and AC voltages is applied for driving the rod- 
shaped vibration wave driven motor, contraction 
and expansion occur alternately between the right 
and left divided electrode films A08-1 and A08-2 as 
in the case of conventional devices described ear- 
lier. 

In this embodiment, a preferable diameter of 
the laminated piezoelectric device is 8 mm; a pref- 
erable thickness of the sheet before sintering is 
about 0.12 mm so as to obtain the final thickness 
of 0.1 mm after contraction due to the sintering; 
and a preferable thickness of the laminated piezo- 
electric device is 0.5 mm. Furthermore, a prefer- 
able thickness of the electrode films is 5 - 6 nm; 
and a preferable diameter of the through-holes is 
0.2 - 0.4 mm. A preferable material for the elec- 
trode films is platinum, palladium, or mixture of 
silver and palladium. If considering the operation 
principle of a vibration wave driven motor* it is 
preferable to form holes at the location as near the 
inner circle as possible and as far from the outer 
circle as possible, because large amplitude of vi- 
brations occur in the area near the outer circle of 
the moving element. 

In the above embodiment (see Figures 14 and 
15), the achievable accuracy in dimension and 
shape is 8 ± 0.2 mm (outer diameter) after sinter- 
ing. The accuracy of the thickness is influenced by 
variations sheet by sheet and attainable accuracy 
is 0.5 ± 0.04 mm. Convex or concave bowing 
occurs at the top and bottom ends. Therefore, if 
the piezoelectric device as sintered is installed in a 
rod-shaped vibration wave driven motor, variations 
occur in motor performance. 

To avoid this problem, in an embodiment as 
shown in Figure 17, in contrast to the case of 
Figure 15, the thickness of sheets A02* and A06' 
forming the top and bottom ends of a laminated 
piezoelectric device A01' are larger than that of 
other sheets AOS. A04, and A06. Furthermore, no 
electrode films are foremd on the top and bottom 
surfaces. The other sheets A03. A04 and AOS are 
formed in the same manner as in the previous 
embodiment (see Figures 14 and 15). 

After sintering, lapping or polishing is per- 
formed on the surface of both ends so as flatten 
the surfaces. 

As a result of this process, the bowing at both 
ends of the laminated piezoelectric device AOI can 
be removed and the flatness of 3 um is achievable. 

It is also preferable to lapping the outer and 
inner side walls to the accuracy iO.03. After lap- 



ping, the electrode films are formed by means of 
screen printing as in the case of Figures U and 
15. then curing is performed at 800 'C. In this 
embodiment, polarization may be performed in the 

5 same way as in Figure 16. 

Preferably, the thickness of the sheets A02* 
and AOS' is larger than that of other sheets by 0.1 - 
0.2 mm considering the loss due to the lapping, 
tn this embodiment, process cost is higher than 

10 that of the embodiment of Figures 14 and 15. 
However, this embodiment leads to advantages 
that intimate and uniform contact with the electrode 
disks are possible when the laminated piezoelectric 
device is Installed in a rod-shaped vibration wave 

76 driven motor, and that it is possible to achieve 
better accuracy in outer diameter and In thickness. 
Thus, it becomes possible to improve the perfor- 
mance of a motor. Moreover, the reduction of vari- 
ation of the performance can be achieved. 

20 Figures 18A and 18B show a laminated piezo- 

electric device in accordance with this embodiment 
installed in a rod-shaped vibration wave driven mo- 
tor. 

Figure 18A shows an example in which two 
25 laminated piezoelectric devices are used for each 
phase of A and B as in a conventional arrange- 
ment. Two devices AOI in accordance with this 
embodiment are disposed on each side of elec- 
trode disks A0A1 and A0A2, thus four devices are 
30 disposed in total in such a manner that driving 
voltage planes (A) having the divided electrode 
films A08-1 and A08-2 shown in Figure 15 are 
opposed to the electrode disks A0A1 and A0A2 
and the slits are oriented In the same direction. 
35 In an embodiment shown in Figure 188, on the 
other hand, one laminated piezoelectric device Is 
disposed for each of electrode disks A0A1 and 
A0A2 via an insulating disk A0A16 in such a man- 
ner that the driving voltage plane (A) is in contact 
40 with the electrode disk A0A1 or A0A2. 

In this embodiment, the number of stacked 
sheets is five, however, it may be possible to 
increase the number without essential change in 
basic arrangement as long as the number is odd. If 
45 the number is even, difference occurs that the 
electrode films A07 and AOr appear at respective 
ends of the laminated piezoelectric device and both 
electrode films A07 and A07' act as a 6ND plane 
(G). 

50 Figure 19 shows another embodiment of a 
laminated piezoelectric device comprising an even 
number of sheets. 

The laminated piezoelectric device AOI" of this 
embodiment has four sheets A02. AOS, A04', and 

56 A05 stacked one on another. The electrode films 
and through-holes are provides as in the case of 
Figures 14 and 15. However, the electrode film on 
the upper surface of the sheet AOS is a whole-area 

10 
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electrode film A07. thus both ends are a GND 
plane (G). 

Therefore, after the electrode films are formed, 
a notch A017 is formed in divided electrode films 
A08-1 and AOd-2 of the sheet A04'. Then, these 
sheets are stacked into one piece and sintered. 
Then, the notches A017 are filled with an electrode 
material as shown in Figure 20, and furthermore 
lead wires A019-1 and A019-2 are connected to the 
notch portions. A preferable electrode material is a 
silver-filled epoxy adhesive. Then, cure is per- 
formed at 160' C. Polarization is performed via the 
lead wires A019-1 and A019-2 electrically con- 
nected to the electrode films A08-1 and A08-2 
i-espectiveiy, wherein these lead wires A019-1 and 
A019-2 are used instead of the contact pins shown 
in Figure 16, thus these lead wires A019-1 and 
A019-2 are connected to the lead wires which were 
connected to contact pins for connections with the 
electrode films A08-1 and A08-2 in Figure 16, The 
polarization is performed under the same condi- 
tions as in the embodiment shown in Figures 14 
and 15. 

The laminated piezoelectric device produced in 
this way can also be installed in a rod-shaped 
vibration wave driven motor. In the case where one 
laminated piezoelectric device A01" is installed for 
each phase of A and B, the lead wires A019-1 and 
A019-2 are connected to each other as shown in 
Figure 21 . and driving voltage is applied via either 
one of these lead wires A019-1 and A019-2. 

Figure 22 shows a driving apparatus equipped 
with a rod-shaped vibration wave driven motor us- 
ing a laminated piezoelectric device A01 of the 
present invention. 

The basic configuration of this rod-shaped vi- 
bration wave driven motor is the same as that 
shown in Rgure 10. The difference from the con- 
ventional arrangement is that the laminated piezo- 
electric device A01 is used. As shown, a gear f 
provided in the integral form with the vibration 
wave driven motor intermeshes with an input gear 
Gl of a transmission mechanism G. and its output 
gear GO intermeshes with a gear HI formed on the 
lens holding element H for holding a camera lens 
L1, The lens holding element H is helicoid-con- 
nected to a fixed cylinder K so that the focusing 
operation is performed by rotating the lens holding 
element H with the driving force of the vibration 
wave driven motor via the gear transmission 
mechanism G. 

With the arrangement in accordance with this 
embodiment, polarization is possible in a state in 
which a large number of thin piezoelectric elements 
are stacked. As a result, a laminated piezoelectric 
device comprising a large number of thin piezo- 
electric elements becomes available. This leads to 
the reduction in the size of a rod-shaped vibration 
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wave driven motor. Furthermore, high power and 
low voltage driving can be achieved. In addition, 
polarization of piezoelectric elements becomes 
easier. It also becomes possible to install a piezo- 

6 electric device into a vibration wave driven motor 
for short time with high accuracy. In particular, 
electrical connection among a plurality of piezo- 
electric elements stacked one on another can be 
achieved without using external interconnection ele- 

10 ments. As a result, there is no need to perform 
troublesome external interconnection process. In 
addition, it becomes possible to reduce the distur- 
bance to the vibration. 

In addition to realization of a laminated piezo- 

76 electric device with a larger number of layers, a 
laminated piezoelectric devcie produced in a man- 
ner described above also has the following advan- 
tages. That is to say, the thickness of a sheet of 
piezoelectric element can be made thinner, thus 

20 capacitance becomes larger, which means that in- 
put impedance becomes small when the piezoelec- 
tric device is used in a motor. As a result of this, 
larger electrical input power can be supplied at a 
lower voltage, and higher power can be obtained. 

25 In one aspect of the present invention, a large 

number of thin sheets of piezoelectric ceramic are 
disposed one on another via electrode films formed 
on the surfaces of the sheets of piezoelectric ce- 
ramic, then electrode films of the piezoelectric ele- 

30 ments are connected to each other with electric 
conductors to form a single piece of laminated 
piezoelectric device. Thus, it becomes possible to 
perform polarization of the whole of a large number 
of piezoelectric elements at one time, 

35 

Claims 

1. A laminated electro-mechanical energy conver- 
sion device, comprising: 
0 laminated electromechanical energy con- 

version elements, each said element including 
a plurality of divided electrode filnns formed on 
one surface of said element and further includ- 
ing a whole-area electrode film formed on the 
t5 other surface of said element, said elements 
being disposed one upon another in such a 
manner that said divided electrode films of 
said elements are opposed to each other and 
in such a manner that said whole-area elec- 
50 trode films of said elements are opposed to 
each other and further in such a manner that 
the spatial phases of each said divided elec- 
trode film of said elements are substantially 
the same; 

55 a first electric interconnection element for 

providing a first potential to each said whole- 
area electrode film of each said element; and 
a plurality of electric interconnection ele- 

11 
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ments for providing at least a second and third 
potentials to each corresponding divided elec- 
trode film of each said element. 

2. A laminated electro-mechanical energy conver- 
sion device according to claim 1 . wherein said 
first electric interconnection element provides 
the first potential to each said whole-area elec- 
trode film of each said element, said first po- 
tential being between said second and third 
potentials. 

3. A vibration driven apparatus, comprising: 

an elastic member; 

a first laminated electro-mechanical energy 
conversion device for generating bending vi- 
brations in said elastic member in a first direc- 
tion, said first laminated electro-mechanical en- 
ergy conversion device including: 

laminated electro-mechanical energy con- 
version elements, each said element including 
a plurality of divided electrode films formed on 
one surface of said element and further includ- 
ing a whole-area electrode film formed on the 
other surface of said element said elements 
being disposed one upon another in such a 
manner that said divided electrode films of 
said elements are opposed to each other and 
in such a manner that said whole-area elec- 
trode films of said elements are opposed to 
each other and further in such a manner that 
the spatial phases of each said divided elec- 
trode film of said elements are substantially 
the same; 

a first electric interconnection element for 
providing a first potential to each said whole- 
area electrode film of each said element; 

and a plurality of electric interconnection 
elements for providing at least a second and 
third potentials to each corresponding divided 
electrode film of each said element; 

a second laminated electro-mechanical en- 
ergy conversion device for generating bending 
vibrations in said elastic member in a second 
direction, said second laminated electro-me- 
chanical energy conversion device including: 

laminated electro-mechanical energy con- 
version elements, each said element including 
a plurality of divided electrode films formed on 
one surface of said element and further includ- 
ing a whole-area electrode film formed on the 
other surface of said element, said elements 
being disposed one upon another in such a 
manner that said divided electrode films of 
said elements are opposed to each other and 
in such a manner that said whole-area elec- 
trode films of said elements are opposed to 
each other and further in such a manner that 



the spatial phases of each said divided elec- 
trode film of said elements are substantially 
the same; 

a first electric interconnection element for 
5 providing a first potential to each said whole- 

area electrode film of each said element; 

and a plurality of electric interconnection 
elements for providing at least a second and 
third potentials to each corresponding divided 
10 electrode film of each said element; and 

a power supply circuit for applying a first 
and second electric signals to said first and 
second laminated electro-mechanical energy 
conversion devices, respectively. 

75 

4. A vibration driven apparatus according to claim 

3, further comprising a movable member in 
contact with said elastic member. 

20 5. A vibration driven apparatus according to claim 

4, further comprising a load member engaged 
with said movable member. 

6. A laminated electro-mechanical energy conver- 
25 sion device, comprising: 

laminated electro-mechanical energy con- 
version elements, said elements including at 
least: 

a first element including a plurality of di- 
sc vided electrode films formed on one surface of 
said first element and not including a whole- 
area electrode film on the other surface of said 
first element, 

a second element including a whole-area 
35 electrode film on one surface of said second 

element and not including a plurality of divided 
electrode films on the other surface of said 
second element; and 

a third element including a plurality of di- 
40 vided electrode films fomned on one surface of 
said third element and further including a 
whole- area electrode film formed on the other 
surface of said third element; 

said elements being disposed one upon 
45 another in such a manner that said third ele- 

ments are disposed at the most outer loca- 
tions; 

a first electric interconnection element for 
providing a first potential to each said whole- 
50 area electrode film of said elements; and 

a plurality of electric interconnection ele- 
ments for providing a second and third poten- 
tials to each corresponding divided electrode 
film of said elements. 

55 

7. A laminated electro-mechanical energy conver- 
sion device according to claim 6, wherein said 
first electric interconnection element provides 
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the first potential to each said whole-area elec- 
trode film of said elements, said first potential 
being between said second and third poten- 
tials. 

5 

a A vibration driven apparatus, comprising: 
an elastic member; 

a first laminated electromechanical energy 
conversion device for generating bending vi- 
brations in said elastic member in a first direc- ro 
tion, said first laminated electromechanical en- 
ergy conversion device including: 

laminated electro-mechanical energy con- 
version elements, said elements including at 
least: 

a first element including plurality of divided 
electrode films formed on one surface of said 
first element and not including a whole-area 
electrode film on the other surface of said first 
element, 

a second element including a whole-area 
electrode film on one surface of said second 
element and not including a plurality of divided 
electrode films on the other surface of said 
second element: and 25 

a third element including a plurality of di- 
vided electrode films formed on one surface of 
said third element and further including a 
whole-area electrode film formed on the other 
surface of said third element: 30 

said elements being disposed one upon 
another in such a manner that said third ele- 
ments are disposed at the most outer loca- 
tions; 

a first electric interconnection element for 35 
providing a first potential to each said whole- 
area electrode film of said elements; and 

a plurality of electric Interconnection ele- 
ments for providing a second and third poten- 
tials to each corresponding divided electrode 40 
film of said elements; 

a second laminated electromechanical en- 
ergy conversion device for generating bending 
vibrations in said elastic member in a second 
direction, said second laminated electro-me- 45 
chanical energy conversion device including: 

laminated electro-mechanical energy con- 
version elements, said elements including at 
least: 

a first element including a plurality of di- so 
vided electrode films formed on one surface of 
said first element and not including a whole- 
area electrode film on the other surface of said 
first element, 

a second element including a whole-area 55 
electrode film on one surface of said second 
element and not including a plurality of divided 
electrode films on the other surface of said 



second element; and 

a third element Including a plurality of di- 
vided electrode films formed on one surface of 
said third element and further including a 
whole-area electrode film formed on the other 
surface of said third element; 

said elements being disposed one upon 
another in such a manner that said third ele- 
ments are disposed at the most outer loca- 
tions; 

a first electric Interconnection element for 
providing a first potential to each said whole- 
area electrode film of said elements; and 

a plurality of electric interconnection ele- 
ments for providing a second and third poten- 
tials to each corresponding divided electrode 
film of said elements; and 

a power supply circuit for applying a first 
and second electric signals to said first and 
second laminated electro-mechanical energy 
conversion devices, respectively. 

9, A vibration driven apparatus according to claim 

8, further comprising a movable member in 
contact with said elastic member. 

10. A vibration driven apparatus according to claim 

9, further comprising a load member engaged 
with said movable member. 
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